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A Sl24UGATOR STUDY TO DETERMINE PILOT OPINION OF THE 

TRIM CHANGES WITH POWER FOR DEFUCTED 

SLIPSTREAM STOL AIRPLANES 

By Richa.rd F. Vomaske and Fred J. Drinkwater I11 
Ames Research Center 

SUMMARY 

A simulator  study w a s  made of the  e f f ec t s  on p i l o t  opinion of t r i m  change 
The landing approach and wave-off of a high performance def lected with power. 

sl ipstream a i r c r a f t  w a s  simulated. 
moments with power w a s  investigated at  several  l eve ls  of s t a t i c  longitudinal 
s t a b i l i t y .  A configuration tha t  tended t o  pitch-up and one tha t  showed a 
reduction of s t a t i c  s t a b i l i t y  with increasing power were a l s o  studied. 

A wide range of changes of  pi tching 

The study showed t h a t  a t  the  more posi t ive levels  of  s t a t i c  longitudinal 
s t a b i l i t y  the l i f t  produced by power markedly affected the  apparent pitching 
moment due t o  power. 

I n  general, t he  p i l o t s  preferred configurations which exhibited the  l e a s t  
t r i m  change with power o r  those f o r  which the power e f f ec t s  did not aggravate 
the  s t a l l  o r  pitch-up margin. 

A comparison of  the t e s t  r e s u l t s  with current and proposed s t a b i l i t y  
requirements i s  made. In  addition, the  t e s t  data  are  compared with f l i g h t  
data  available.  

INTRODUCTION 

I n  high performance STOL a i r c r a f t ,  power changes sometimes produce unde- 
s i rab le  t r i m  and s t a b i l i t y  changes. Some of these t r i m  problems (discussed 
i n  re fs .  1-5)  a re  caused by the  inc l ina t ion  and location of the  engine 
th rus t  axis and the sl ipstream o r  j e t  eff lux,  which can a l so  markedly a l t e r  
the  longitudinal s t a b i l i t y  and the  elevator effectiveness.  High horizontal  
t a i l  location can a l l ev ia t e  some of t he  problems; however, the pitch-up ten-  
dency a t  high angles of a t tack  may then be a concern. Another l e s s  common 
cause of large t r i m  changes i s  the  combination of a large change i n  l i f t  due 
t o  power and r e l a t ive ly  high s t a t i c  longitudinal s t a b i l i t y .  The changes i n  
angle of a t tack resu l t ing  f r o m  power changes can be excessive, depending on 
the dynamic and s t a t i c  longitudinal s t a b i l i t y ,  the s t a l l  margin, and the v a r i  
a t ion  with angle of  a t tack  of pi tching moment. 



The present tests were conducted t o  determine p i l o t  preference as t o  the  
direct ion and magnitude o f  t h e  pitching-moment changes with power f o r  a COIN- 
type ( f i g .  1) a i r c r a f t  which has subs tan t ia l  changes i n  l i f t  with power. 
Variations i n  the  pitching moment with power were t e s t e d  a t  several leve ls  of 
s t a t i c  longi tudinal  s t a b i l i t y  t o  a l l o w  some general izat ion of results.  The 
f l i g h t  conditions simulated included the  landing approach, wave-off, and 
engine f a i l u r e .  The landing-approach cofl igurat ion w a s  se lected f o r  the  t e s t s  
since it w a s  f e l t  t h a t  power changes would be l a rges t  f o r  a maximum power 
wave-off from the  r e l a t i v e l y  l o w  power required i n  the  approach. 
t he  p o s s i b i l i t y  t ha t  an engine f a i l u r e  just a f t e r  take-off might d i c t a t e  t he  
var ia t ion i n  pi tching moment with power desired because of  t he  proximity t o  
the  s t a l l  and the  higher nose-up p i t ch  a t t i t u d e s  a t ta ined  immediately a f t e r  
take-off.  
f o r  the a i r c r a f t  simulated, while i n  the landing configuration with m a x i m u m  
power the  p i t ch  a t t i t u d e  would be considerably l e s s  because t h e  l i f t -d rag  
r a t i o  i s  lower with the  landing f l a p  deflected.  

There i s  

The p i t ch  a t t i t ude  encountered i n  the  climbout might exceed 30' 

Another concern i s  the l a t e ra l -d i r ec t iona l  response t o  an engine f a i l u r e  
of a twin-engined configuration with a high thrust-to-weight r a t i o .  I n  the  
present t e s t s  t he  propel lers  were assumed t o  be interconnected t o  eliminate 
any asymmetry due t o  engine f a i l u r e  so  t h a t  t he  longi tudinal  response could be 
examined more readi ly .  In  addition, as indicated i n  reference 6, t he  simu- 
l a t ed  f l i g h t  condition (48 knots) w a s  below the  minimum speed f o r  adequate 
lateral  control  with one engine out and the  other engine a t  m a x i m u m  power. 
Minimum speed f o r  adequate control would be around 60 knots f o r  t h i s  case. 

A moving cab s imula tor  which included a v isua l  runway presentation was 
used i n  the  present t e s t s .  

NOTATION 

Cm 

2 

drag coef f ic ien t  

, per  radian drag var ia t ion with angle of attack, - 

l i f t  coef f ic ien t  

l i f t  var ia t ion with thrust coeff ic ient ,  - 

, per  radian 3CL l i f t  var ia t ion with angle of a t tack,  - aa 

acD 
aa 

aCL 
-aTcf  

, per radian 
aCL l i f t  var ia t ion  with elevator  deflection, - 
?&e 

pi tching moment pitching-moment coeff ic ient ,  - 
qsc 

pitching moment due t o  pitching velocity,  acIn , per radian/sec 
a ( qc/% 1 
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acm pitching moment due t o  th rus t  coeff ic ient  - ’ aTcq 

, per f t / s ec  acm pitching moment due t o  forward velocity, - au 
, per radian acm pitching moment due t o  angle of attack, - 

aa 

, per radian a c m  pitching moment due t o  elevator deflection, - 
38, 

wing chord, f t  

control  s t i c k  force due t o  displacement, lb/ in .  

moment of i n e r t i a  about t he  airplane Y axis,  s lug-f t2  

r a t e  of change of pitching acceleration with thrus t  coeff ic ient ,  
radians/sec2 

period of short-period osc i l la t ion ,  sec 

p i l o t  ra t ing  

pitching velocity,  radians/sec 

dynamic pressure, l b / f t2  

wing area, f t 2  

propeller th rus t ,  l b  

th rus t  coeff ic ient ,  - 

time, see 

T 
qs 

forward velocity,  f t / s e c  

forward velocity,  knots except as  noted 

airplane weight, l b  

angle of attack, radians except as noted 

f l i g h t  -path angle, deg 

elevator deflection, radians except as  noted 

control s t i c k  deflection, i n .  

damping r a t i o  
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I 

e 

wn 

max 

P 

SP 

p i t ch  a t t i t ude ,  deg 

undamped airplane na tura l  frequency, radians/sec 

Sub s c r  i p t  s 

m a x i m  

phugo i d  

short  period 

EQUIPMENT 

A moving cab simulator with st ick-type l a t e r a l  and longitudinal controls 
w a s  used. P i tch  and r o l l  a t t i tudes ,  attenuated t o  avoid the motion limits, 
were programmed in to  the  cab motion. The p i l o t ' s  v i sua l  display included the  
conventional f l i g h t  instruments and a closed-loop te levised runway presenta- 
t i on .  The l igh t ing  of t h i s  runway made the  landing approaches appear similar 
t o  those encountered i n  night operations with about 1-1/2 miles v i s i b i l i t y .  
Figures 2 and 3 are  photographs of the simulator and f igure  4 i s  a block 
diagram of i t s  funct ional  elements. This equipment i s  described and motion 
requirements of simulators are  discussed i n  reference 7 .  

PROCEDURE 

Aircraf t  Character is t ics  

A cross-shafted twin-engined airplane,  such as the one shown in  f igure  1, 
w a s  simulated i n  t h i s  study. It had a r e l a t ive ly  high in s t a l l ed  thrust- to-  
weight r a t i o  (0 .7  a t  the  approach speed) and high l i f t  due t o  t h rus t .  
ing the  power from i d l e  t o  maximum increased the  l i f t  coeff ic ient  by 2.66; 
t h i s  i s  the l i f t  e f f ec t  due t o  t h rus t  alone a t  the approach speed. Table I 
presents t he  important parameters used i n  the  simulation and f igure  5(a) shows 
the  performance envelope. The t e s t s  were made i n  t h e  landing-approach config- 
urat ion a t  the condition f o r  approximately m a x i m u m  STOL performance (CL - 3 . 8 ) .  
This t e s t  condition w a s  selected because power changes might be expected t o  be 
maximum in  the wave-off . Several combinations of center-of -gravity locat ion 
(13%) and pitching moment due t o  thrust coeff ic ient  ( C q  ,) were tes ted .  

Figures 5(b) and ( e )  depict  the  pitching-moment var ia t ion  with angle of a t tack  
f o r  the conditions tes ted .  The s t a b i l i t y  change with angle of a t tack  shown i n  
f igure  5(b) w a s  se lected t o  simulate pitch-up a t  a high angle o f  a t tack.  
charac te r i s t ics  shown i n  f igure  5(c)  were t o  simulate the Ryan VZ-3 ( r e f .  8) 
i n  which increased th rus t  has a destabi l iz ing e f f ec t  typ ica l  of many STOL 
a i r c r a f t .  
speed required a th rus t  increase with decreasing speed f o r  s tab i l ized  f l i g h t .  

Chang- 

C 

The 

The l i f t - d r a g  charac te r i s t ics  simulated f o r  the  @-knot approach 
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The longi tudinal  dynamic and s t a t i c  s t a b i l i t y  varied considerably, depend- 
depending on the  value of 
with CmT,t and Cm 
s t a b i l i t y  parameter (an2).  
varied l i nea r ly  with angle of attack, lowering the  th rus t  axis below the  
center of gravi ty  (pos i t ive  values of CmT 1 )  increased the  short-period damp- 
ing and s t a t i c  s t a b i l i t y  while reducing the  phugoid damping and s t a t i c  stabil-  
i t y .  With wave-off power, the  s t a b i l i t y  var ia t ion w a s  similar t o  tha t  with 
approach power. CmTcv (0.15 > CmTct > -0.15), the  
s t a t i c  and dynamic s t a b i l i t y  i s  posi t ive i n  the short-period mode, even when 
Cm, = 0. CmTct = -0.24, t he  short-period dynamic s t a b i l i t y  i s  negative. 
The change of s t a b i l i t y  with 
CmTct t o  C k .  A t  approach power Cmu = -0.06 CmTct while at wave-off power 

Cm, CmTct ,  and Tc'. Figure 6 shows the var ia t ion 
of t h e  dynamic-stability parameter (5.n) and the  s t a t i c -  

With approach power, and when pitching moment 

C 

For a p rac t i ca l  range of 

A t  

CmTct i s  primarily due t o  the relat ionship 

CQ = -0 .og CmTc1 . 

Pi lo t ing  Task 

The handling qua l i t i e s  of  the  t e s t  configurations were evaluated by two  
research p i l o t s .  Simulated landing-approach runs were i n i t i a t e d  i n  l eve l  
f l i g h t  at 70 knots and 1000 f e e t  a l t i t ude .  The i n i t i a l  t ask  w a s  t o  reduce 
speed t o  48 knots, maintaining l eve l  f l i g h t  u n t i l  an approach path of  10' t o  
t h e  runway as  indicated by the  instrument landing-approach crosspointer.  The 
landing approach w a s  then continued on the  10' path a t  48 knots airspeed. 
During the i n i t i a l  approach, the  p i l o t s  evaluated the  s t a b i l i t y  and f l i g h t -  
path control .  A t  an a l t i t u d e  of 50 t o  100 f e e t ,  the  p i l o t s  attempted a maxi- 
mum power wave-off while maintaining the  speed a t  48 knots. After the f l i g h t  
path and p i t ch  a t t i t u d e  were s tab i l ized ,  an engine f a i l u r e  w a s  simulated. The 
p i l o t s  made addi t ional  runs so tha t  they could observe the airplane response 
t o  t h r o t t l e  steps,  and they observed f l a r e  charac te r i s t ics  during simulated 
landings. No attempt was made t o  simulate ground ef fec t ,  and a l l  t e s t s  were 
conducted i n  simulated smooth a i r .  I n  t h i s  study the p i l o t s  excluded f r o m  
t h e i r  evaluation, as far as  they were able, the elevator effectiveness and 
s t i c k  forces  which were not varied and were considered sa t i s fac tory .  P i l o t  
ra t ings  of the airplane charac te r i s t ics  and maneuvering tasks  were assigned t o  
each configuration. The p i lo t - r a t ing  scale i s  given i n  t ab le  11, which i s  
f rom reference 9. 

RESULTS f W D  DISCUSSION 

I n  a previous study ( r e f .  10) it w a s  noted tha t  any excessive t r i m  change 
due t o  power w a s  undesirable.  When adding power the  p i l o t s  were concerned 
with the  increased a t ten t ion  required i f  the  airspeed decreased rapidly or if  
back s t i c k  w a s  required t o  keep the  nose f rom dropping. In  general, during 
the  present tests, the  p i l o t s  expressed a s i m i l a r  concern depending on the  
task.  In  the  following paragraphs the  t e s t  r e su l t s  of the  e f f ec t  of t r i m  
change on approach-path control,  wave-off, engine f a i lu re ,  longitudinal 
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s t a b i l i t y ,  s t a l l  margin, and pitch-up are  discussed. The configuration var i -  
ables f o r  the various p i l o t  evaluation maneuvers and tasks  are  summarized i n  
t ab le  111. 

Approach-Path Considerations 

The p i l o t  ra t ings  for the  approach-path con t ro l l ab i l i t y  are shown i n  
f igu re  7 f o r  the  colribinations of & and CmT tes ted.  The p i l o t s  indicated 

a preference f o r  hTC, = 0 for the  more s tab le  configurations (C& < -1.6) 
because of the small angle-of-attack var ia t ion  with t h r o t t l e  changes. They 
preferred small angle-of-attack changes with power var ia t ions because the  
s t a l l  margin i n  STOL landing operation I S  nOr"ally small. 
w a s  the  only test  condition i n  which the  angle-of-attack var ia t ion resu l t ing  
from moderate power changes w a s  small. For C&, = 0, data  were insuf f ic ien t  
t o  determine p i l o t  preference; however, i n  the engine-failure t e s t s  (which 
w i l l  be discussed la te r ) ,  the  angle-of-attack var ia t ion  was s m a l l  only f o r  
zero CmTc,. 

C 

The near zero cmTc' 

Controls f ixed  s tab i1 i tx . -  - -. The p i l o t  ra t ings  of the  s t ick-f ixed s t a b i l i t y  
charac te r i s t ics  are  presented in  f igure  8. 
b i l i t y  considerations, suf f ic ien t  data  were not obtained t o  determine the  
e f f ec t  of CmT t on p i l o t  ra t ing .  However, more favorable p i l o t  ra t ings  f o r  
the  negative value of CmTct at C% = 0 were obtained i n  the engine f a i l u r e  
tests because of an improvement i n  s t a b i l i t y  charac te r i s t ics  over the  zero t o  
posi t ive values of CmTct .  

u re  6 f o r  CmTct = -0.08 would be approxi- 
mately optimum. The phugoid mode exhibi ts  a s t a t i c  divergence f o r  pos i t ive  
values of C m i c t  and the  short-period damping becomes zero a t  CmTct = -0.23. 
The case of  CmTc: = -0.08 shows well-damped short-period and phugoid modes 
which imply a possible optimum s t a b i l i t y  configuration. 

Based solely on s t ick-f ixed sta- 

C 

From the  s t a b i l i t y  charac te r i s t ics  shown i n  f i g -  
(2% = 0, it would be expected tha t  

Pilot-opinion_b_ooundari-e~. - From the  ra t ings  and comments obtained f o r  the  
approach path control  and s t a b i l i t y  considerations, t he  p i lo t - r a t ing  bounda- 
r i e s  as a function of  the  short-period dynamic and s t a t i c  longltudinal s t a b i l -  
i t y  parameters, ((wn) and (wn2), a re  shown i n  f igure  9. 
mi l i ta ry  specif icat ions f o r  Class I and I1 airplanes from reference 11 and the  
V/STOL recommendations f r o m  reference 12. 
boundary shown (P.R. = 3-l/2) f o r  the present t es t s  coincides with the  m i l i -  
t a r y  specif icat ions i n  the  region of The present t e s t  r e s u l t s  
a l s o  agree well  with the AGARD recommendations ( ref .  12) f o r  the  "single 
f a i l u r e  l i m i t "  condition which corresponds t o  the unsatisfactory-unacceptable 
( P . R .  = 6-1/2) boundary shown. 
reference 1.3 i s  shown i n  f igure  9 f o r  the 
Since the present tes ts  were conducted i n  simulated smooth air, the 
P.R. = 6-1/2 boundaries i n  f igure  9 may be somewhat len ien t  as indicated by 
the comparison of the  smooth and rough air  data  of reference 13. Al so  shown 
i n  f igure  9 a re  t e s t  points from references 1 and 3 which indicate t h a t  the  

Also  shown are  the  

The sat isfactory-unsat isfactory 

wn2 = 2 t o  3. 

The landing-approach P.R. x 6-1/2 condition of 
wn = 0 i n  both smooth and rough air .  

b 
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sat isfactory-unsat isfactory boundary may not extend t o  (Wn2),$ < 0 .5  i n  the  
damping region of l e s s  than uni ty .  

Phugoid s t a b i l i t y . -  The p i l o t  ra t ings  i n  f igures  7 and 8 also indicate  a 
satisfactory-unacceptable boundary f o r  the  phugoid mode. P i l o t  ra t ings  of 
about 6-1/2 were obtained f o r  
damped short-period mode (see f i g .  6) and neutral  phugoid s t a t i c  s t a b i l i t y  
with ((w), = 0.16. This agrees well  with the  smooth air m i r r o r  approach data  
of reference 13, which indicates  a ( U n a  0.15 a t  Wn = 0 f o r  the  p i l o t  r a t ing  
of 6-1/2. 
ra t ing .  For the  same neut ra l  s t a t i c - s t a b i l i t y  condition, t o  maintain a p i l o t  
r a t ing  of 6-1/2, the damping parameter ((wn) must be approximately doubled 
when going from a smooth a i r  t o  the  rough air  condition. It would be expected 
t h a t  f o r  STOL operation the  degree of turbulence would have a more noticeable 
e f f ec t  when operating close t o  the  s ta l l .  

C,, = 0, CmTct = 0 f o r  which there  i s  a well-  

The reference 1-3 data  a l s o  show the  e f f ec t  of turbulence on p i l o t  

Wave - O f f  Considerations 

The p i l o t  ra t ings  obtained i n  the wave-off t e s t s  are  given i n  f igure  10. 
I n  these t e s t s ,  as well as the engine f a i l u r e  t e s t s ,  t he  apparent large 
increase i n  pitching moment with power resu l t ing  f r o m  the  combination of large 
l i f t  due t o  thrust and posi t ive s t a t i c  s t a b i l i t y  w a s  most noticeable. AS shown 
i n  f igure  10, the near optimum w a s  about -0.2 f o r  the configurations 
with more posi t ive s t a t i c  s t a b i l i t y .  For the  Cm = 0 condition the optimum 
cmTc' w a s  near zero. T ime  h i s to r i e s  of airplane response t o  t h r o t t l e  Steps 
(ATc' = 0.62) are  shown i n  f igures  l l ( a )  and l l ( b )  . From these time h i s to r i e s  
it i s  evident tha t ,  f o r  Cma = -1.7, the  most s tab le  airspeed response t o  the  
t h r o t t l e  s tep  w a s  f o r  CmTci = -0.225. This preference f o r  good airspeed 
s t a b i l i t y  w i t h  t h r o t t l e  changes agrees with the  comments i n  reference 10. 
In  addition, f o r  t h i s  case, the  p i t ch  a t t i t ude  change i s  s m a l l  (about lo) 
f o r  the  f i r s t  3 seconds a f t e r  t he  t h r o t t l e  step.  I n  f igu re  l l ( b )  it can be 
seen tha t  the  combination C% = 0, CmT,' = 0 i s  the  only case which showed 
s m a l l  angle of attack, velocity,  and p i tch  a t t i t u d e  disturbances resul t ing 
f r o m  t he  t h r o t t l e  s tep  and also agrees with the  preferred response noted in  
reference 10. Since the  disturbance created by the  t h r o t t l e  s tep i s  smaller 
f o r  cmTc' = 0, it would be expected tha t  the  
former would be preferred and the  p i l o t  ra t ings  ( f i g .  10) show t h i s .  

CmTct 

= 0 ra ther  than -1.7 with 

F l ight  - t e s t  comparison _ _  of  wave-off . - Figure 11( c )  presents the angle -of - 
a t tack  response t o  a t h r o t t l e  change of t w o  of the  present t e s t  configurations 
(Cma = 0) ( f i g .  l l ( b ) ) ,  and time h i s to r i e s  f rom f l i g h t  t e s t s  of a t h r o t t l e -  
elevator interconnect used successfully i n  a deflected slipstream airplane as 
reported i n  reference 1. The t i m e  h i s to r i e s  of reference 1 show angle-of- 
a t tack  response very s i m i l a r  t o  t he  t w o  configurations studied i n  the  present 
t e s t s .  The tes t  a i rplane of reference 1 exhibited l o w  longitudinal s t a b i l i t y  
and w a s  considered unsat isfactory without t he  thro t t le -e leva tor  interconnect 
because of an undesirably large nose-down p i t ch  a t t i t u d e  response with added 
power. This response w a s  nearly the same as the %Tct = -0.225, C% = 0 
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configuration i n  the  simulator tests. With t h e  interconnect, the  ai rplane 
response, which w a s  considered sa t i s fac tory  i n  reference 1, w a s  l i k e  the  simu- 
l a t o r  response f o r  the  CmTcr = 0, C% = 0 configuration. 

P i l o t  opinion boundaries.- The p i l o t  opinion boundaries (P .R .  = 3-l/2 and 
6-1/2) as a function of  the  s t a t i c - s t a b i l i t y  p a r m e t e r  (Wn2)sp 
acceleration i n  p i t ch  due t o  a t h r o t t l e  s tep  f r o m  approach t o  wave-off power 
( M T ~ ~ A T ~ ' )  f o r  t h e  wave-off task  are given i n  f igure  12. 
there  i s  shown a l e s se r  tolerance f o r  pitching-moment changes with power a t  
decreasing leve ls  of  s t a t i c  s t a b i l i t y .  A sat isfactory-unsat isfactory boundary 
dictated by the  phugoid charac te r i s t ics  i s  presented i n  f igure  12. Al so  shown 
are  the two conditions from the t e s t s  of reference 1. The ra t ings  given f o r  
these two points  a re  f r o m  unpublished comments of the  evaluating p i l o t  and 
indicate the  simulator obtained boundaries may be s l igh t ly  len ien t .  

and the angular 

For both boundaries 

Engine Fai lure  Considerations 

The ra t ings  obtained in  the engine f a i l u r e  tes ts  are  given in  f igure  1.3. 
For These data  show a de f in i t e  preference f o r  the  negative values of 

t he  configurations exhibit ing high s t a t i c  s t a b i l i t y ,  t he  nose-up pitching 
moment with power reduction prevented excessive nose-down a t t i t udes  when an 
engine f a i l e d .  For the  l o w  s t a t i c - s t a b i l i t y  configuration (C, = 0 ) ,  the 
primary concern w a s  the  s t a b i l i t y  charac te r i s t ics .  
there  would be a preference f o r  some nose-down pitching moment with loss of 
power (CmTC; > 0) f o r  the A reasonable explanation f o r  t h i s  
lack of preference f o r  the  posi t ive values of 
mode shown i n  f igure  6. 

CmTct .  

It would be expected tha t  

C,, = 0 case. 

CmTct i s  the unstable phugoid 

Tests of S t a b i l i t y  Change With Power 

The p i l o t  ra t ings  f o r  the configuration exhibit ing a s t a b i l i t y  change 

C,, with power change are  presented in  f igure  14. 
f o r  ' th i s  configuration i s  shown i n  f igure  5 (c ) .  The more negative values of 

were considered adverse because i n  the  wave-off the nose-down a t t i t ude  cmTc t 

at ta ined w a s  excessive and when an engine f a i l e d  the speed f e l l  o f f  t o o  rap- 
id ly .  A t  the  higher power leve ls  where the airplane i s  unstable, the  optimum 
engine pitching moment would be such as t o  give the bes t  angle-of-attack 
s t a b i l i t y .  For the  engine f a i l u r e  case, with the  good engine operating a t  
full power, C% i s  approximately zero. The optimum CmTc: f o r  t h i s  case 
would be zero based on the s m a l l  angle-of-attack response t o  a t h r o t t l e  s tep  
shown i n  f igure  l l ( b )  . The dashed portion of the  curve shown i n  f igure  1 4  
represents the  deter iorat ion i n  p i l o t  r a t ing  shown i n  f igure  1-3 f o r  CmTct greater  than 0. 

The e f f ec t  of power on 

Pitch-Up Tests 

When pitch-up a t  high angle of a t tack  w a s  simulated, the s t a t i c  s t a b i l -  
i t y  w a s  posi t ive (C, = -1.7) a t  the  lower angles of a t tack .  
change with angle of a t tack  f o r  t h i s  case i s  presented i n  f igure  5(b) .  

The s t a b i l i t y  
The 

a 



p i l o t  ra t ings f o r  t h i s  case are presented i n  f igure  15. 
the  zero 'GO negative values of tes ted  w e r e  preferred over the  pos i t ive  
values because of  b e t t e r  ve loc i ty  s t a b i l i t y  ( i l l u s t r a t e d  i n  the t i m e  h i s to r i e s  
shown i n  f igure  l l ( a ) ) ;  t h i s  w a s  a lso noted i n  the  wave-off t e s t s  without the  
pitch-up (see f i g .  10) .  
f o r  GTCr 
t ion .  The more unsat isfactory ra t ings  given for the  pitch-up study were a 
r e s u l t  of the  p i l o t ' s  concern with encountering the  pitch-up. In  the  engine 
failure tests, the more pos i t ive  values of 
reduced the  angle of a t tack  at ta ined when power f a i l e d  and there  w a s  less l i k e -  
lihood of encountering the  pitch-up. The angle-of-attack margin w a s  qui te  
small (C- = 0' at  3-l/2' above the approach angle of a t tack)  SO t h a t  t he  
pitch-up was  occasionally encountered inadvertently i n  the t e s t s  usual ly  
because of a s m a l l  speed reduction. I n  general, the  tendency t o  pitch-up w a s  
more l i k e l y  during rapid power changes unless t he  p i l o t  made immediate eleva- 
t o r  corrections.  These observations f o r  the  pitch-up case could be applied 
a l so  t o  a s t a l l  without the  pitch-up since the  p i l o t  would be reluctant  t o  
operate near the  s t a l l  while i n  the landing approach or wave-off. 

For the  wave-off task,  

GT C' 

The phugoid mode exhibi ts  negative s t a t i c  s t a b i l i t y  
greater  than about 0.04 (Cma = -1.7) for the  wave-off power condi- 

CmTct were preferred because they 

CONCLUDING FCEMARKS 

P i l o t ' s  opinion of the  d i rec t ion  and magnitude of the  pitching moment 
produced by power changes depends on many f ac to r s .  I n  t h i s  study the  p i lo t ing  
task,  t he  longitudinal s t a b i l i t y  including the  s t a l l  or pitch-up margin, t he  
thrus t  incl inat ion or d i rec t  l i f t  e f f ec t  of power, and the  elevator power 
available and t r i m  rate were found t o  have the  m o s t  -influence. 

Considering the  m o s t  c r i t i c a l  t ask  ( i . e . ,  wave-off), i f  the  s t a l l  margin 
or pitch-up i s  not a concern, the p i l o t s  show a preference for l i t t l e  or no 
t r i m  change with power f o r  t he  l o w  s t a t i c - s t a b i l i t y  conditions typ ica l  of many 
STOL a i r c r a f t .  

For operation near the s t a l l  or pitch-up the most c r i t i c a l  t ask  tes ted  
w a s  the  wave-off. For t h i s  task  the p i l o t s  preferred a moderate nose-down 
pitching moment with increased power because t h i s  improved the veloci ty  
s t a b i l i t y .  

Ames Research Center 
National Aeronautics and Space Administrat ion 

Moffett Field,  C a l i f . ,  Oct. 28, 1-96? 
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TABLE I. - STABILITY DERIVATIVES AND GEOMETRIC DATA FOR THE APPROACH CONDITION 
OF V = 48 KNOTS ( y  = -10') 

CL = 3.79 

CD = 0.67 

cj& = 7.33 

C = 1.09 
L8e 

= -21*2 

CWe = -2.8 

s = 200 sq f t  

c = 6.8 P t  

I~ = 10,500 siug-ft2 

W = 5950 lb 

&emax = 0.53 radian up; 0.42 radian down 

Fgs = 1.95 lb / in .  with +2 lb breakout force 

= 7-l/2 i n .  aft; 5 in. forward 

T C r  = 0.50 ( i d l e )  t o  2.80 ( m a x i m  power) a t  48 knots 

6 s m a x  

a (T/w) /av  = -0.004 per  knot 
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Adjective 
rating 

Yes 
Yes 

Yes 
1 

1 No 
opera t i on 

TA.BL;E 11. - PILOT OPINION RATING SYSTEM 

Unacceptable 

Numerical 
rating 

1 
2 
3 

4 

5 
6 

7 

8 
9 

Description 

Excellent, includes optimum 
Good, pleasant to fly 
Satisfactory, but with some mildly 
unpleasant characteristics 

Acceptable, but with unpleasant 

Unacceptable for normal operation 
AcceptabIe for emergency condition 

characteristics 

onlyl 

Unacceptable even for emergency ~ 

condition1 
Unacceptable - dangerous I 

Unacceptable - uncontrollable 

Can be 
landed 

Primary 
mission 

accomplished 

Yes 
Yes 

Yes 

, 
Yes Yes 

Doubtful Yes 

Doubtful ' Yes 
I: 

NO 
NO 
No 

I Doubtful 
No 
No 

'Failure of a stability augmenter 



TABU 111. - RANGE O F  VALUES OF STABILITY AND CONTROL PARAMETERS STUDIED 

0 
0.225 t o  -0.45 
0.14 t o  -0.28 
0.225 t o  -0.225 
0.225 to -0.45 
0.14 t o  -0.28 

_ _  

Approach path s t a b i l i t y  -1 
Wave -off 

8 & 9  
8 & 9  
8 & 9  

io, 11, EL 12 
10, 11, & 12 

10 & 12 
Engine f a i l u r e  

S t a b i l i t y  change with 
power : 

Wave -off 
Engine f a i l u r e  

S t a b i l i t y  change with 
_ _  - 

angle of a t tack:  
Wave -off 
Engine f a i l u r e  

0 
-1.7 
-2.8 

0 
-1.7 
-2.8 
0 
-1.7 
-2.8 

0 
-1.7 
-2.8 

%C1 
C 

0 
0 
0 

0 
0 
0 

~ 

0 
0 
0 

0 
0 
0 

. .  

0.26 
0.26 

0 
0 
. .  

Figure 

1 
0.225 t o  -0.225 14 
o t o  -0.225 

0.225 t o  -0.225 
0.225 1: t o  -0.225 

_i 

I 
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Figure 1.- Sketch of the general  configuration studied. 



A-30526-15 
Figure 2.- External view of simulator showing cab, video projector, and screen. 



Figure 3.- I n t e r i o r  view of simulator cab. 
A-30526-18 
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motion 
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Figure 4. - Functional block diagram of the simulator components. 
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Figure 5.- Performance and s t a t i c  longitudinal s t a b i l i t y  characterist ics.  
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(a) Phugoid and short  period (Cma = 0) .  

Figure 6.- Longitudinal s t a b i l i t y  as a function of C% and engine location. 
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Figure 6.- Continued. 
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Figure 7. - P i l o t  ra t ings  of approach-path cont ro l lab i l i ty .  
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Figure 8. - P i l o t  r a t ings  of controls fixed s t a b i l i t y  charac te r i s t ics .  
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Figure 9. - P i l o t  opinion boundaries for approach-path control  and s t ab i l i t y .  

26 

~ .... . . . .. . ,, -I- I 1 . . 1 1 . 1  . 111 I I 



\ 
”\ 
\ < C m a =  -1.7 t o  -2 .8  

- \  
a \  \ 

0 

I I I ! 

‘ m a  

0 0  

0 -1.7 

0 -2.8 

0 a 

-.4 -.3 -. 2 - . I  0 . I  .2 .3 

C m  
T C I  

Figure 10.- P i l o t  ra t ings  f o r  the  wave-off task. 
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Figure 11.- Airplane response t o  t h r o t t l e  steps.  
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Figure 11. - Continued. 
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Figure 13.- P i l o t  opinions f o r  the  engine f a i l u r e  t e s t s .  
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